Finite Element Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting of Ti–6Al–4V  by Davoudinejad, A. et al.
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).




































































 "    "        " 
%&"+,(& 
           "    





Volume 1, 2015, Pages 728–739
43rd Proceedings of the North American Manufacturing Research





3     "" "  3 1
 31       *   ./40   
&"&./44"
 "  )      521    
                
  6         
   &     & *   ./4/ *   .//7
"    8%  &       "  
       "  
 "9&" "
 :;'&.//7
&"   ") "




      &       
)";(  
  );./40"
   " &      " (    
"&" & "
             & "
"" &>1!>1
> 1! 4?70" >1 1;   .//7@(A  
@( 4?  2   %   ./4.       
& % "&!
  "      "  ; "  ! 
6 "  " 
# $% ; B; ./4/ # ""   " "
9B;.// """""




    ! "  " ;   %   ./4	 
"" "  6' 1-'  (   " 
            B;   ./4/
2    ./4	   (   " 6 <47   &
&  """ ) 
"""
& & ""@ 
"    "  " 	
      
 #$!"








FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting







   "    @     &  "  
 &"
  & " &   ""  "" " "  ""
&"#$% & "&"
("" 
 " #$% "   



























 ) H  ;& " 
 " "       
  "     & 4 6 "      

FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting








#' #' I3 I1
	/ /. ,,	 ., /,7 /7
,/ /. ,,, .7 /,? /<
	/ /0 <?/ 0.? /,4 /,7










 "  & &  -   .//	     $ #$%
" & C  * " "      










 !    ( )   "   & "
.7///(;" !/4
//. (;"/.
//." !  ; #	
  
8")
            6  
" "%
./4. 1   ./4	   " "     "   " 7 
"4;&.
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
of Ti–6Al–4VAli Davoudinejad, Elio Chiappini, Stefano Tirelli, Massimiliano Annoni and Matteo Strano
731

C!    2 
8 4. D! 	E 1 	/,/ 
	
5 4, 1 ,	E # /./0 !
% 	
 1 //, 3" 4
  % C1 8" .




    " "    !   & " 6 (&













        
4





















        .
( 




6     "" "    "    
(& !! 
!        ./J1 ( "     H 
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
























































FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting






































 "     #$  6      " 
"&"
& (    "  "    " 
	
         B; .// 1 " 
(#<&0 
       1   & &  
     (   " !      !!
#<#<
    "           














   %( % %( % %( %
	/ /.
#$% 0// .74 ..7 4?/ 44, 4/4
$( .?< .? 47 4 40	 4.4
,/ /.
#$% .?< .<, ./4 4< 40 ?<
$( .7, .,, 47	 4,< 4</ 4		
	/ /0
#$% 	40 0?0 0/. .<0 .4/ 4/
$( 	07 	4	 04< .?4 40 4	<
,/ /0
#$% 	47 0?4 .< .,. .4? 4<7











FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting













































      & (   
    # ?   & 	        &





5              
 & <// E 1 &             "
3"" & "          
& 
M,/G"M/.G ""
   " #   "   &   
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting




     (   
&&("














   %( % %( % %( %
	/ /.
#$% .<	 .,7 4<4 4,< ./? 4?
$( 040 .0 4,0 4.? ./. 4.4
,/ /.
#$% .< .	 47	 4	0 47 4.
$( . ./, 4	 4/	 4, 4.	
	/ /0
#$% 	44 0<? .0 .,< .< 4<<
$( 	4	 07 .	, 4<4 .<. 40?
,/ /0
#$% 	/, 0, .<0 .	 .,? .4


























































FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
















   "           %  








 " $( #$% $( #$% $( #$%
	/ /. 0	L 7	L .//L .4.L .,	L <	,L
,/ /. 404L 77L .<.L 44	L 7	L 000L
	/ /0 70L ./L 0./L ?	L 0/<L .4/L







































     ;  "" "   ""    
""* "H
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
of Ti–6Al–4VAli Davoudinejad, Elio Chiappini, Stefano Tirelli, Massimiliano Annoni and Matteo Strano
737

  ""           
      ( "      
"&" &
3"" & &&
(   "  "   " "  &
 (    & &#$%   " 




















"   "  "" ./012(	 ?0
.0.?









  "" "   	 2(	 3  #	 
(3(		??00?		
- + 3" 3  3! - .//0   1 10 -	 4
(3(#	,..	70,/<
1;%13+#.//7".3"
  "     QQ	




      	 2(	 3
#	(3(<<4.
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
of Ti–6Al–4VAli Davoudinejad, Elio Chiappini, Stefano Tirelli, Massimiliano Annoni and Matteo Strano
738
















=% .//7 6  "2(	3	
#	4?404	?4,	
8 D  *  .//, #   " 03  "   2 - (3
#	.?0	.,0.4







'! ' %!  % *  ! 5 4?70 *  % "
10-	4(3(#	0.4,?
















* * -%  3 % ./4/    " 
R   	 2(	 3  #	 (3( ,/7 0
7/












B;  .//  " " "   "   " 
	2(	3#	(3(	,,47,0/
B;*%*  ="-./4/ 6  """
     QQ	
   (  " 
10-	4(3(#	,?4<<7.
FE Simulation and Validation of Chip Formation and Cutting Forces in Dry and Cryogenic Cutting
of Ti–6Al–4VAli Davoudinejad, Elio Chiappini, Stefano Tirelli, Massimiliano Annoni and Matteo Strano
739
